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TO ALL WHOM IT MAY CONCERN: 

Be it known that we, YUZO KANO a Japanese citizen, residing 
at 5-5, Hiyodori-dai 4-chome, Kita-ku, Kobe-shi, Hyogo 651-1123 JAPAN, 
and MASAYUKI INUZUKA a Japanese citizen, residing at 2-5-11, 
Asahigaoka, Ikeda-shi, Osaka 563-0022 JAPAN, and 
SEIICHIRO YAMASHITA a Japanese citizen, residing at 3-4-1-2409, 
Higashiyama-cho, Hyogo-ku, Kobe-shi, Hyogo 652-0042 JAPAN, and 
YASUMASA NAKASHIMA a Japanese citizen, residing at 5-17-211, Dai- 
machi 2-chome, Nagaoka-shi, Niigata 940-0048 JAPAN, and 
YASUHIDE NAGAO a Japanese citizen, residing at EG 1-303, 3-2-6, 
Minatojimanaka-machi, Chuo-ku, Kobe-shi, Hyogo 650-0046 JAPAN, and 



TOMOYUKI IWASHITA a Japanese citizen, residing at 9-25, Seto-Haimu 4- 
chome, Fuchu-cho, Aki-gun, Hiroshima 753-0011 JAPAN, have invented a 
new and useful SPOT JOINING METHOD AND SPOT JOINING DEVICE, of 
which the following is a specification. 
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SPOT JOINING METHOD AND SPOT JOINING DEVICE 

BACKGROUND OF THE INVENTION 

JL Field of the Invention 

The present invention relates to a spot joining method and a spot joining 
device for spot joining of works made of aluminum alloy or the like. 

2. Description of the Related Art 

Conventionally, as a method for spot joining of plates made of aluminum 
alloy or the like, there have been a resistance spot welding method, a mechanical 
fastening method using rivets, and the like. 

In the resistance spot welding method, there exist problems in running 
cost and quality control, including a need for a power supply of a large capacity 
in spot joining, short life duration of welding electrodes due to contamination or 
wear-out, and a need for utilities such as water and air in addition to a welding 
power. 

In the resistance spot welding method, since indentations remain on 
joined portions, this method is undesirable when applied to outer plates for 
automobile because its external appearance is lessened. 

In particular, in the resistance spot joining of works made of the 
aluminum alloy, since the electrodes significantly wear out, the ability to perform 
continuous spotting is low. When current is conducted, it flows through spots 
close to a spot to be conductive, that is, current is shunted. Hence, it is 
impossible to place the spots close to one another. For this reason, it is 
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impossible to obtain required strength. 

Meanwhile, riveting requires a number of rivets as wear-out members. 

SUMMARY OF THE INVENTION 
The present invention has been developed for obviating the 
above-described problem and an object of the present invention is to provide a 
spot joining method and a spot joining device in which quality control is easily 
performed, running cost is improved, and no indentations remain on joined 
portions. 

According to the present invention, there is provided a spot joining 
method comprising the steps of: rotating a joining tool having a pin at a tip end 
portion thereof around an axis of the joining tool with the pin pressed against a 
predetermined joint spot of lapped works to be joined, the pin being protruded 
along the axis; inserting the pin into the predetermined joint spot of the lapped 
works heated and softened due to friction heat; stirring portions of the lapped 
works that are in the vicinity of the predetermined joint spot by using the 
rotating pin and fusing the lapped works at the predetermined joint spot; and 
pulling out the joining tool along the axis, thereby performing spot joining of the 
lapped works at the predetermined joint spot. 

In this method, two works to be joined are lapped and placed. 
The joining tool is rotated at a high speed and the pin at the tip end portion 
thereof is pressed against the joint spot of the lapped works to be joined. 
Thereby, the joint spot is heated and softened due to friction heat and the pin is 
inserted thereinto. By further rotating the tool, portions of the works around 
the pin plastically flow and are stirred. The two works are fused at the joint spot. 
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After pulling out the joining tool, the softened works are solidified and the two 
works are spot-joined at the joint spot. 

Thus, in the spot joining method of the present invention, the joining tool 
is rotated to generate friction heat for joining the works. Therefore, compared 
with the resistance spot welding, spot joining can be carried out with a power of 
a significantly smaller capacity. In addition, utilities other than the power are 
unnecessary, and the joining tool can be used over a long period of time without 
the need for maintenance because the joining tool is neither contaminated nor 
worn out. Therefore, running cost is reduced and management is easily made. 
Unlike the mechanical fastening method using rivets, since fastening members 
are unnecessary in the spot joining method of the present invention, cost and 
weight are not increased. 

In this method, a receiving member having a flat receiving face on which 
the lapped works are placed is provided opposite to the tip end portion of the 
joining tool to receive a pressing force from the joining tool pushing against the 
lapped works. 

In spot joining, for example, two works to be joined are lapped and placed 
on the receiving member. From above of the works, the joining tool is rotated 
and pressed against the works to be joined. The works are supported on the 
receiving member such that a face of one of the works is pressed against the flat 
face of the receiving member, and spot joining is performed from the opposite 
side of the receiving member. A hole is formed on the works as a result of pin 
insertion, but the face pressed against the flat face of the receiving member is 
kept flat because the pin is inserted from the opposite side of the receiving 
member and does not reach the face. After joining, this work can be used as an 
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outer plate. 

According to the present invention, there is also provided a spot joining 
device comprising: a joining tool having a pin at a tip end portion thereof, the pin 
being protruded along an axis of the joining tool; a first motor for rotating the 
joining tool around the axis thereof; and a second motor for moving the joining 
tool along the axis thereof, wherein the joining tool is moved along the axis by the 
second motor while the joining tool is rotated by the first motor, the pin is 
pressed against a predetermined joint spot of lapped works to be joined and is 
inserted into the predetermined joint spot heated and softened due to friction 
heat, portions of the lapped works that are in the vicinity of the predetermined 
joint spot are stirred by using the rotating pin, the lapped works are fused at the 
predetermined joint spot, and the joining tool is pulled out along the axis by the 
second motor, whereby the lapped works are spot-joined at the predetermined 
joint spot. 

According to this device, the joining tool is rotated by the first motor and 
is moved along the axis by the second motor. Thereby, plastic flow occurs due 
to the generated friction heat as described above. Thus, a plurality of works can 
be spot-joined at joint spots. 

In this device, the first motor is one of an induction motor and a servo 
motor and the second motor is the servo motor. 

According to this device, by using the induction motor or the servo motor 
as the motor for rotating the joining tool around the axis, the joining tool can be 
rotated at a high speed. Also, by using the servo motor as the motor for moving 
the joining tool along the axis, a joining depth can be controlled with high 
precision. 
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These objects, as well as other objects, features and advantages of the 
invention will become more apparent to those skilled in the art from the following 
description with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a cross- sectional view showing a spot joining device according to 

an embodiment of the present invention; 

Figs. 2A, 2B are views showing two types of shapes of a tip end portion of 

a joining tool; 

Figs. 3A, 3B are views showing a spot joining method of the present 
invention; 

Fig. 4 is a cross-sectional view showing joined works; and 
Fig. 5 is a view showing a test result of the spot joining method of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Fig. 1 is a cross-sectional view showing a spot joining device 1 according 
to an embodiment of the present invention. Referring now to Fig. 1, the spot 
joining device 1 is used to join works such as two aluminum alloy plates by lap 
joint, and comprises a joining tool 2, an induction motor 3, a servo motor 4, a 
linear guide 6, a receiving member 7 and a frame 9. 

The joining tool 2 is supported by means of bearings 1 1 such that it is 
rotatable around an axis LI of the joining tool 2. The joining tool 2 is driven by 
the induction motor 3 to be rotated around the axis LI at a high speed. The 
induction motor 3 is mounted on the frame 9 by means of the linear guide 6 
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such that it is vertically movable along the axis LI of the joining tool 2. 

The linear guide 6 is mounted on the frame 9 and comprises a guide rail 

15 extending in parallel with the axis LI of the joining tool 2 and a guide member 

16 movably attached on the guide rail 15. The bearings 1 1 supporting the 
induction motor 3 and the joining tool 2 are attached to the guide member 16 of 
the linear guide 6. Thereby, the joining tool 2 is vertically movable along the 
axis LI together with the induction motor 3. 

A servo motor 4 and a ball screw 5 are mounted on the frame 9. The 
servo motor 4 drives a screw shaft 13 of the ball screw 5 through a belt 12, 
causing the screw shaft 13 to rotate. The screw shaft 13 is placed in parallel 
with the axis LI of the joining tool 2. A nut 14 screwed on the screw shaft 13 is 
vertically moved according to rotation of the screw shaft 13. The nut 14 is 
attached to the guide member 16 of the linear guide 6. That is, driven by the 
servo motor 4, the screw shaft 13 of the ball screw 5 rotates, thereby allowing the 
joining tool 2 to be vertically moved along the axis LI together with the induction 
motor 3. 

The frame 9 has a lower portion bent in L-shape and a tip end portion to 
which the receiving member 7 is mounted. 

The receiving member 7 is a column-shaped member placed opposite to 
the joining tool 2 and is disposed coaxially with the axis LI of the joining tool 2. 
The receiving member 7 has a flat upper face opposite to the tip end of the joining 
tool 2. In spot joining, works to be joined are placed on the flat upper face 
serving as a receiving face 8 subjected to a pressing force from the joining tool 2. 

Figs. 2A, 2B are views showing two types of shapes of the tip end portion 
of the joining tool 2. The joining tool 2 is conical and downwardly tapered 
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toward a tip end thereof and is provided with a short-column shaped shoulder 
portion 20 at the tip end thereof. A pin 2 1 is formed on a lower face 22 of the 
shoulder portion 20 such that it is protruded from a central portion of the lower 
face 22 along the axis LI. 

The shoulder portion 20 has two types of shapes, i.e., a curved face type 
shown in Fig. 2A and a flat face type shown in Fig. 2B. As shown in the shape of 
the curved face type of Fig. 2A, the lower face 22 of the shoulder portion 20 is 
conically shaped such that it is upwardly recessed at a central portion thereof , 
and from the most deeply recessed central portion, the pin 21 is protruded 
downwardly along the axis LI . A corner portion 23 where an outer peripheral 
face 25 and the lower face 22 of the shoulder portion 20 are connected is smooth 
and circular-arc shaped and a portion 24 where the lower face 22 and the pin 2 1 
are connected is also smooth and circular-arc shaped. The tip end portion of 
the pin 21 has a slightly raised central portion. 

As shown in the shape of the flat face type of Fig. 2B, the lower face 22 of 
the shoulder portion 20 is a flat face perpendicular to the axis LI and has a 
central portion from which the pin 2 1 is protruded downwardly. The corner 
portion 23 where the outer peripheral face 25 and the lower face 22 are 
connected is smooth and circular-arc shaped like the shape of Fig. 2A but the 
lower face 22 and the pin 2 1 form a right angle at a portion 26 where they are 
connected. Like the shape of Fig. 2 A, the tip end portion of the pin 2 1 has a 
slightly raised central portion. - 

An outer diameter D 1 of the shoulder portion 20 is, for example, 5 - 20 
mm. An outer diameter D2 of the pin 2 1 is 2 - 7 mm and a length H of the pin 
2 1 is 1 - 3 mm. The joining tool 2 is made of tool steel harder than aluminum 
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alloy of which the works to be welded are made. 

Figs. 3 A, 3B are views showing a spot joining method of the present 
invention. In this embodiment, works 30, 3 1 corresponding to two aluminum 
alloy plates are lap-joined. 

First of all, the works 30, 31 are placed on the receiving face 8 of the 
receiving member 7 such that a joint spot P of the works 30, 31 conforms to the 
axis LI. Then, the induction motor 3 drives the joining tool 2 to be rotated at a 
high speed of approximately 1000 - 3000 rpm, for example. 

Subsequently, the rotating joining tool 2 is moved downwardly along the 
axis LI by the servo motor 4. When the pin 2 1 of the joining tool 2 reaches the 
work 30, the work 30 is heated and softened due to friction generated between 
the rotating pin 2 1 and the work 30 and the pin 2 1 is inserted thereinto. When 
the pin 2 1 is inserted, the lower face 22 of the shoulder portion 20 comes into 
contact with the work 30, and a vicinity of the joint spot P is heated due to 
friction generated between the lower face 22 and the work 30. Plastic flow is 
induced as a result of rotation with the pin 21 inserted into the work 30 heated 
and softened due to friction heat and the vicinity of the joint spot P is stirred by 
the rotating pin 2 1 . 

In this embodiment, the pressing force of the joining tool 2 is set to 300 
kgf. The pressing force is received by the receiving member 7. 

Thus, after the tip end of the pin 21 passes through a joint face between" 
the works 30, 3 1 and is inserted just before a rear face of the work 3 1 , the joining 
tool 2 rotates to stir the vicinity of the joint spot P to be formed into a 
plastic-flowing area 32 as shown in Fig. 3A. Consequently, the works 30, 31 
are fused at the joint spot P. 
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After stirring for a given time, the joining tool 2 is pulled out as shown in 
Fig. 3B. The given time is, for example, set to about 

1-10 seconds. ' After the pin 21 is pulled out, the plastic-flowing works are 
solidified and the works 30, 31 are joined at the joint spot P. 

Fig. 4 is a view showing a cross section of the joint spot of the joined 
works 30, 31. As shown in Fig. 4, a concave portion is formed in front surfaces 
of the works 30, 31 by inserting the pin 2 1 and the shoulder 20 thereinto from 
above. The vicinity of the concave portion plastically flows to allow the works 30, 
3 1 to be fused. It is shown that a rear face of the work 3 1 is kept flat, because 
the pin 2 1 is not inserted into the rear face from below. In the example shown 
in Fig. 4, the shoulder of the curved face type is used. 

Fig. 5 shows a test result of the spot joining method of the present 
invention. In this test, an automobile member made of aluminum alloy was 
lap-joined. More specifically, edge portions of a bonnet were joined. In this 
test, an aluminum alloy plate 0.95 mm thick as an outer work and an aluminum 
alloy plate 0.9 mm thick as an inner work were joined and required joining 
strength was set to 0.5 kN or more. 

In this test, the pin 2 1 of 2 . 1 mm <& was used. The applied load was kept 
constant (300 kgf). The number of rotations was set to 1500 rpm, 2000 rpm, or 
2500 rpm. The joining tool of the curved face type and the joining tool of the flat 
face type were used for joining time set in the range "of 1 .0 - 3.5s. As shown in 
Fig. 5, in every test, a preferable result that shearing load greatly exceeded the 
required joining strength and shearing strength varied less was obtained. 

In the spot joining method, since the concave portion is not formed on 
the face situated on the opposite side of the face into which the tool is inserted 
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and therefore the face on the opposite side is kept fiat, spot joining can be 
performed without lessening external appearance. 

The works to be joined are not limited to the works made of aluminum 
alloy and stainless steel plates can be joined. The works of different types as 
well as the works of the same type can be joined. 

In the spot joining method of the present invention, it is preferable that 
flat-plate shaped and aluminum alloy works of the same type are lap-joined as 
described above. Alternatively, three or more works may be lap-joined. Also, 
the works of different types may be lap-joined. Further, a combination of a 
plurality of three-dimensionally shaped works may be used and the spot joining 
method of the present invention may be employed when lapped faces are joined. 

While in this embodiment, the induction motor is used as the motor for 
rotating the joining tool, the present invention is not limited to this and the servo 
motor may be used. The rotational- speed of the joining tool can be controlled 
with high precision by rotating the joining tool by using the servo motor. 

Since it is not necessary to conduct current in the spot joining method of 
the present invention unlike the conventional resistance spot welding method, 
the works to be joined need not be metals and works made of synthetic resin and 
works in which decorative sheets made of synthetic resin are bonded to outer 
faces of metal plates may be joined. 

The spot joining device of the present invention is used as a spot joining 
gun, which is movably supported by a balancer, for example. An operator 
performs spot joining operation with the gun. Also, an articulated robot may be 
equipped with a gun on its wrist and adapted to sequentially perform spot 
joining of predetermined joint spots according to a teaching program. 
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As another example of the joining tool, a screw may be formed at the tip 
end of the pin. This makes it easy that the rotating pin is inserted into the 
works to be joined. 

The spot joining method of the present invention can be applied to not 
only joining of the automobile member made of alurriinum alloy but also joining 
of a railway vehicle made of aluminum alloy, an aluminum casing, or the like. 

Numerous modifications and alternative embodiments of the invention 
will be apparent to those skilled in the art in view of the foregoing description. 
Accordingly, the description is to be construed as illustrative only, and is 
provided for the purpose of teaching those skilled in the art the best mode of 
carrying out the invention. The details of the structure and/ or function may be 
varied substantially without departing from the spirit of the invention and all 
modifications which come within the scope of the appended claims are reserved. 



